Background. Similar to poliovirus, enterovirus type 71 (EV71) causes severe disease, including aseptic meningitis, encephalitis, acute flaccid paralysis, and acute cardiopulmonary dysfunction. Large epidemics of EV71 infection have been reported worldwide.
Wild poliovirus disease has been eradicated from the developed world, and in 2006, only 1956 cases were identified [1] . Like poliovirus, enterovirus type 71 (EV71) can cause severe neurologic diseases, including acute flaccid paralysis (AFP), brainstem encephalitis, and acute cardiopulmonary collapse, as well as death [2] [3] [4] [5] [6] . EV71 was first isolated in California in 1969 from the stool sample from an infant with encephalitis [7] . Over the next 3 years, EV71 was isolated by culture of stool samples from an additional 19 patients in California. Thirteen (65%) of these 19 patients were !5 years of age, and 1 patient died. Many researchers have
METHODS
This study was approved by the institutional review board of the University of Colorado. Medical records of all patients with EV71 disease were reviewed. Clinical information abstracted included demographic characteristics, all clinical notes, and laboratory and radiologic findings.
After the recognition of multiple cases of EV71 disease in 2003, we developed written guidelines for recognition and recommended laboratory evaluation of suspected patients. These guidelines suggested that rectal, throat, and CSF samples be obtained from hospitalized patients with febrile illness and neurologic disease and tested for enterovirus by enterovirus PCR (EV-PCR) and/or viral culture. This information was widely circulated at our institution (The Chidren's Hospital, Denver, CO). The timing of specimen collection, type of specimens, and tests were determined by the treating physician. Cases were ultimately defined and identified by confirmation of EV71 in at least 1 patient sample at the Centers for Disease Control and Prevention (CDC; Atlanta, GA).
All patients who had у1 specimen that was positive for enterovirus by PCR or viral culture had at least 1 positive sample sent to the CDC for confirmation and enteroviral typing. In addition, all CSF samples of adequate volume from hospitalized patients who received any diagnosis and who had enteroviral testing ordered (whether PCR results were positive or negative) were sent to the CDC for confirmatory EV-PCR and molecular typing.
Virologic studies. The EV-PCR used at The Children's Hospital (TCH; Denver, CO) is a conventional, generic assay targeting the 5' untranslated region of the viral genome [13] . Specimens for viral culture were inoculated into human embryonic fibroblasts (MRC-5), human lung (A549) cells, and primary Rhesus monkey kidney cell tubes. Isolates exhibiting enteroviral cytopathologic characteristics were presumptively identified by indirect immunofluorescence using a "Pan-enterovirus" monoclonal antibody (Chemicon International). In 2005, all enteroviral isolates were also tested at TCH using an EV71-specific monoclonal antibody (Chemicon) before being forwarded to the CDC for confirmation. Isolates or specimens were then typed as EV71 at the CDC by sequence analysis of amplified products generated by PCR of the VP1 gene [14, 15] . Virus genotype was deduced by comparison with a reference sequence database, and phylogenetic analysis was performed using the Clustal X neighbor-joining method [16, 17] . CSF samples from all patients identified as having EV71 infection were tested by flavirus PCR at the CDC.
Definitions. CSF pleocytosis was defined as a WBC count 110 cells/mm 3 in a CSF sample. Meningitis was defined as the presence of CSF pleocytosis and/or a positive result of EV-PCR of a CSF sample. Encephalitis was defined as an alteration in the level of consciousness. AFP was defined as the acute onset of loss of motor function in у1 skeletal muscle group (usually, the limbs), associated with absent or diminished reflexes in the affected muscle group(s).
Statistical analysis. Statistical analyses of differences were performed using the x 2 test or Mann-Whitney U test for nonparametric comparisons. Figure 1 shows the epidemic curve. All 16 patients with EV71 disease resided in the Denver metropolitan area (population, 2.3 million; 6.8% of the population is !5 years of age) [18] . Fifteen patients were admitted to TCH, and 1 patient was hospitalized in a community hospital. Table 1 summarizes the clinical features and outcomes of the 16 patients. Fifty-six percent of the patients were р6 months of age (range, 4 weeks to 9 years). Ten patients were male, and 6 were female. Two patients (patients 5 and 6) were cousins; patient 6 developed symptoms 2 days after contact with patient 5. Figure 2 shows the close genetic relationship of their isolates. One additional patient (not shown in table 1) was a cousin and household contact of patient 2. This additional patient was a 5-year-old girl who was hospitalized with aseptic meningitis 5 days after patient 2 was hospitalized. For the 5-year-old girl, the results of EV-PCR of a CSF specimen were negative, and no other specimens (e.g., throat or rectal swabs) were collected.
RESULTS

Case identification.
Most of the patients (12 of 16 patients) presented with 11 clinical syndrome attributable to EV71 infection (table 1) . Patients presented with the following major clinical manifestations: meningitis (in 5 patients), AFP (3), fever (4), encephalitis (2), and acute cardiopulmonary dysfunction (2) . Two patients who presented with encephalitis also had AFP (total of 5 patients with AFP). In 4 of the 5 patients with AFP, a single limb was involved; 1 patient had quadriplegia. Two patients (patients 15 and 16) experienced significant improvement in their motor function, and 3 remain with some degree of monoparesis. Acute cardiac dysfunction and pulmonary edema developed in 2 patients (patients 2 and 5), 1 of whom died on day 26 of illness. The patient who died was a 5-year-old girl with cardiopulmonary collapse and subsequent anoxic-ischemic brain injury, with eventual herniation. Patient 2 also presented with pulmonary edema and acute cardiac dysfunction, which both resolved with supportive care. He remains quadriplegic and dependent on mechanical ventilation 13 years after initial infection.
Diagnostic evaluation. Table 2 shows the virologic testing performed for the EV71-infected patients. All patients had CSF samples tested by EV-PCR at TCH, but only 5 (31.3%) of 16 results were positive. None of the patients with paralysis, nor the patient who died, had a positive result of EV-PCR of CSF samples, although the virus was detected in all of these patients by PCR of throat and/or rectal swab specimens. Nine patients had CSF pleocytosis, and only 1 of these patients had a CSF sample that was positive for enterovirus by EV-PCR (table 3) . Eight patients had upper respiratory tract specimens submitted for testing, and EV-PCR results were positive for all 8 patients (100%). Eight patients had rectal swab specimens submitted for testing, and EV-PCR results were positive for 7 (87.5%) of the patients. An additional 2 patients had combined upper respiratory and/or rectal specimens submitted, and EV-PCR results were positive for both (100%) of these patients. Nine of 16 patients had enterovirus detected in 11 specimen, and 6 of 16 patients had enterovirus detected by 11 diagnostic technique (viral culture or PCR). Patient 4 had rhinovirus 16 recovered from a nasopharyngeal aspirate specimen. This patient also had EV71 detected in rectal and urine specimens.
Evaluations of CSF cell counts, glucose levels, and protein levels were performed for 14 patients (table 3) . Protein levels were у40 mg/dL in 12 (85.7%) of 14 patients. All patients who had positive results of EV-PCR of CSF samples had some degree of contamination of the CSF by RBCs. Nine (64.3%) of 14 patients had CSF pleocytosis (2 patients had grossly bloody CSF; thus, no cell count was obtained), with RBC counts ranging from 11 cells/mm 3 to 2075 cells/mm 3 . For all 16 patients, the identity of the enterovirus detected was confirmed as EV71 by EV-PCR amplification of a portion of the VP1 gene, followed by sequencing. For 15 patients, the sequences were of sufficient length and quality for genotype identification by phylogenetic analysis. The sequences from patients 1-15 were all EV71 genogroup C and related to viruses that have recently circulated worldwide (figure 2). The sequences from EV71 isolates obtained from patients in Colorado clustered into 3 groups. Three of 5 children with AFP were tested for evidence of West Nile virus infection (for 2 patients, the serum IgM level was tested; for 1 patient, the CSF IgM level was tested), and all test results were negative. CSF specimens from all patients in this series had PCR results that were negative for flavivirus. Two children with AFP had received an initial diagnosis of "atypical" Guillain-Barré syndrome.
DISCUSSION
This report of 16 hospitalized patients with EV71-associated neurologic disease is noteworthy and concerning for several reasons. EV71 circulation appears to be increasing in the United States [19] . This is the first reported outbreak of EV71 disease in the United States in 20 years. During the 1987 US outbreak, there were 45 cases of EV71 disease (in Alaska, New Jersey, and Pennsylvania), 27 of which involved CNS manifestations [5, 20] . Similar to previous outbreaks of EV71 disease, the outbreak in Colorado persisted for 11 year, with significant morbidity and 1 fatality. Finally, results of EV-PCR of CSF samples were negative for 68.8% of our patients, and most diagnoses were made on the basis of results of EV-PCR of upper respiratory and/or lower gastrointestinal tract specimens. In the United States, laboratory confirmation of enterovirusassociated neurologic disease is typically performed by PCR of CSF samples because of the greater sensitivity and rapid turnaround time, compared with culture [13, 21] . For enteroviralassociated neurologic disease other than EV71-associated disease, the sensitivity of EV-PCR of CSF samples is reported to be 76%-100% [13, [22] [23] [24] [25] . However, CSF specimens may not be optimal for detection of EV71 by viral culture or PCR. CSF viral culture results for patients with EV71-associated neurologic disease are reported to be positive for only 0%-3% of cases [9, 26] . The sensitivity of EV-PCR of CSF samples from patients infected with EV71 is also poor. In a 2002 clinical study of an EV71-specific PCR of CSF samples, the yield was 0% (0 of 12 samples were positive for EV71) [27] . All patients in our study had CSF samples tested by EV-PCR, and only 5 of 16 samples were positive for enterovirus. These results are similar to those reported in a study of paralytic polio, in which CSF viral cultures yielded positive results for only 35 (6.4%) of 543 patients [28] . Another study reported that only 1 of 29 patients with paralytic polio had poliovirus RNA detected by EV-PCR of CSF samples [29] .
The reason that EV71 is difficult to detect in CSF samples is unclear. Possible explanations for this include the virus only transiently being present in CSF, a lower amount of virus being present in CSF, the enterovirus PCR assay used not having been optimized for detection of EV71, and/or different neuropathogenesis manifesting than those exhibited by other enteroviruses. Most laboratories use an enteroviral PCR designed for detection of the greatest number of serotypes. As new nucleic acid detection methods are developed, the ability to identify EV71 in CSF samples may improve. A recent study directly compared EV-PCR of CSF samples with a microchip method (DR. Chip Biotechnology). The microchip method detected enterovirus in 52% of CSF samples from EV71-infected patients, compared with a detection rate of 29% for CSF samples tested by EV-PCR [30] . All CSF samples that were positive for enterovirus at TCH were also positive by EV-PCR at the CDC laboratory.
In this study, all 5 patients with positive results of EV-PCR of CSF samples were !4 months of age, and most did not have CSF pleocytosis. Detection of enterovirus in CSF samples by EV-PCR in young children without pleocytosis is well recognized [31, 32] . Patients with positive results of EV-PCR of CSF samples had CSF samples collected significantly earlier during their illness, compared with patients who had negative results of EV-PCR of CSF samples (mean number of days after the onset of illness that samples were collected, 1.6 vs 5.6 days;
). It is possible P ! .01 that EV71 was only transiently present in CSF samples and was only found in patients who had a lumbar puncture performed early during the course of illness [25] .
All 5 infants who had positive results of EV-PCR of CSF samples had less severe disease. All of these infants were admitted to the hospital for fever, had short hospitalizations, and recovered without sequelae. Possible explanations for less severe disease during infancy include modification of the disease from the maternal antibody or that the disease is immune-mediated and immune responses in these infants were not as vigorous as those in older children [33] .
There were 5 patients who presented with AFP, and 4 (80%) of these 5 patients experienced residual monoparesis. Of the 2 patients in this series with acute cardiac dysfunction and pulmonary edema, one died, and the other is dependant on mechanical ventilation and is quadriparetic. These results are similar to those recently reported by Chang et al. [34] in their study of the long-term neurologic sequelae associated with EV71 disease. In their series, 56% of the patients who presented with poliomyelitis-like AFP experienced residual limb weakness and atrophy, and 75% of the patients with acute cardiac dysfunction had significant long-term neurologic sequelae. In contrast, all of the patients with aseptic meningitis recovered completely and without residual neurologic effects. In our report, there were 9 specimens from the upper respiratory tract or lower gastrointestinal tract submitted for both EV-PCR and viral culture. The EV-PCR result was positive for all 9 specimens, and the viral culture result was positive for only 4 (44.4%) of the 9 specimens. No patient had a negative EV-PCR result and a positive viral culture result for the same specimen. We believe that EV-PCR is the preferred diagnostic modality because of its sensitivity and turnaround time. PCR testing of both throat and rectal swab specimens provided the diagnosis for every patient for whom these specimens were tested. There may be clinical circumstances in which testing of other specimens (blood, urine, or skin vesicle) may also be useful [9, 27, 35] .
Enteroviruses can be detected by EV-PCR of upper respiratory or lower gastrointestinal tract specimens for several weeks after the onset of infection. However, in the context of a hospitalized patient with neurologic disease (especially encephalitis or AFP), the report of negative results of EV-PCR of a CSF sample, combined with a positive result of EV-PCR of a throat and/or rectal swab sample, should prompt consideration of EV71 as the etiologic agent. One potential limitation of EV-PCR of upper respiratory tract specimens is the occasional cross-reaction with rhinoviruses. However, subsequent typing of the isolate or viral nucleic acid can distinguish the 2 viruses [15] .
All of these clinical cases occurred in children with disease that was serious enough to require hospitalization. Milder cases may have occurred during this period. Other hospitalized patients with neurologic disease may not have received diagnoses, because the result of EV-PCR of the CSF sample was negative, and testing of samples from other sites was not performed.
There is no proven effective therapy for EV71 disease. Antiviral, steroidal, and intravenous immunoglobulin therapy have all been used for EV71 infection, but these treatments have not been studied in randomized, placebo-controlled trials [26, [35] [36] [37] [38] . Intravenous immunoglobulin therapy was used for 3 patients in this series on the basis of initial diagnoses of myocarditis (in 2 patients) and atypical Guillain-Barré syndrome (in 1 patient). These clinical presentations actually rep- resented 2 cases of EV71-associated neurogenic acute cardiac dysfunction with pulmonary edema and 1 case of AFP, respectively. One of these patients died, 1 is quadriplegic and dependant on mechanical ventilation, and 1 has persistent flaccid paralysis of a lower extremity.
Transmission of EV71 infection is a public health concern. In a prospective family cohort study, the rate of household transmission of EV71 infection was 52% (176 of 339 patients). The rate of transmission among children aged !6 years was particularly high at 84% (89 of 106 children) [39] . There has been 1 report of nosocomial transmission of EV71 infection to 5 hospitalized patients [9] . Although enteroviruses spread efficiently by the fecal-oral route, there is some evidence that large-droplet respiratory transmission may also occur [39, 40] . At our institution, droplet isolation (mask, gown, and gloves) was recommended for patients with suspected EV71 infection.
EV71 disease should be considered in young children with aseptic meningitis, encephalitis, AFP, atypical Guillain-Barré syndrome, acute cardiac dysfunction, and/or pulmonary edema. Testing for other agents, such as West Nile virus or poliovirus, should be considered, depending on the epidemiologic context. To confirm the diagnosis of EV71 disease, CSF, throat, and rectal specimens should be tested by EV-PCR. Positive specimens should be subjected to additional testing, such as genotyping by VP-1 PCR or confirmation of culture-positive specimens by immunofluorescence using EV71-specific monoclonal antibodies. In this series, EV-PCR of specimens from the upper respiratory and lower gastrointestinal tracts had the highest diagnostic yield. Potential therapies, including intravenous immunoglobulin,need to be studied in patients with serious EV71 disease. This may be best accomplished in the context of a large outbreak of disease. It is likely that EV71 circulates in other geographic areas of the United States and is not detected, because results of EV-PCR of CSF samples are negative, and throat and rectal swab specimens are not tested. Only a high index of suspicion for EV71 allowed us to identify many of these cases.
Increased awareness of EV71 disease and early testing of CSF, throat, and rectal samples may be beneficial as an early warning system of impending outbreaks of disease. Physicians need to be aware of this potentially severe and sometimes fatal poliomyelitis-like disease. As wild-type poliovirus is eradicated from the world, EV71 may emerge as the most common infectious cause of AFP in children.
